SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Shigefumi Masuda, a citizen 
of Japan residing at Kawasaki-shi , Kanagawa, Japan and 
Minoru Ishida, a citizen of Japan residing at Kawasaki-shi, 
Kanagawa, Japan have invented certain new and useful 
improvements in 

DEVICE AND SYSTEM FOR REDUCING CONFLUENCE NOISE 

of which the following is a specification : - 
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# 



TITLE OF THE INVENTION 



DEVICE AND SYSTEM FOR REDUCING CONFLUENCE 



NOISE 




BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a system and 
a device for reducing confluence noise which are used 
in a two-way CATV (cable television) system. 



frequency band for downward signals directed from a 
center (headend) to terminals (users), and uses a 
different frequency band for upward signals directed 
from terminals to the center. These signals are 
transmitted through coaxial cables or optical fiber 
cables to achieve two-way communication. In this 
configuration, upward signals are mixed with noises as 
these signals travel to the center. Such noises are 
called confluence noise, and measures for reducing the 
confluence noise need to be devised. 

Fig. 14 is an illustrative drawing showing a 
related-art CATV system . 

The CATV system of Fig. 14 includes a center 

201, a two-way amplifier 202, splitters 203, and 
terminals 204. The center 201, the two-way amplifier 

202, and the splitters 203 are connected via a main 
transmission line. A plurality of two-way amplifiers 
202 are generally provided at predetermined intervals 
along the main transmission line, thereby amplifying 
upward and downward signals transmitted through the 
main transmission line. The splitter 203 may be 
implemented by using 8 branching configuration. Branch 
transmission lines connect between the splitters 203 
and the terminals 204. 

Upward signals from the terminals 204 to the 
center 201 may be carried through a frequency band with 



2. Description of the Related Art 

A two-way CATV system uses a certain 



a range between 10 MHz and 55 MHz, and downward signals 
from -the center 201 to the terminals 204 are carried 
through a frequency band with a range between 70 MHz 
and 400 MHz . Modulation schemes based on phase 
modulation such as BPSK, QPSK, and QAM are generally 
used . 

Transmission speed may be 160 kbps, 320 kbps, 
640 kbps, and 2560 kbps, or 256 kbps, 1544 kbps, and 
3088 kbps. The CATV system as described above may be 
utilized to implement an on-demand CATV system for 
supplying moving-picture information in response to 
user requests, a cable- telephone system for effecting 
communication between users, a system connected to a 
switch network to provide Internet services, etc. 

Downward signals transmitted from the center 
201 to the terminals 204 are split at the splitters 203 
to go from the main transmission line to the plurality 
of branch transmission lines, and travel through the 
branch transmission lines to reach the terminals 204. 
Noises mixed with the signals along the branch 
transmission lines can be a cause of C/N reduction at 
the terminals 204, but can never cause a significant 
problem to the system. 

On the other hand, upward signals from the 
terminals 204 to the center 201 merge at the splitters 
203 as they go from the branch transmission lines to 
the main transmission line. Noises that are mixed into 
the signals at the terminals 204 or along the branch 
transmission lines cover a wide range of frequencies 
including the signal frequency band, and are summed at 
the splitters 203 as they merge, ending up being a 
cause of a significant C/N reduction. In order to 
obviate this problem, for example, a scheme is devised 
to convert upward signals having a frequency band the 
same as a wireless frequency band into signals having a 
different frequency band. 

When a terminal 204 is disconnected at a time 



when a user moves out, for example, the branch 
transmission line ends up having an open end. The open 
end serves as a noise source by generating reflection 
noises, so that noises without signals may enter a 
splitter 203 via the branch transmission line. In 
other cases, upward signals may include large noises 
because of malfunction of the terminals 204. In such 
cases, the terminals 204 act as noise sources- When a 
plurality of noise sources are present, generated 
noises are summed at the splitters 203, thereby 
significantly reducing the C/N of the upward signals. 
In the worst case, the center 201 cannot detect 
received signals, resulting in a system shutdown. 

Accordingly, there is a need for a scheme 
which can reduce confluence noise. 

SUMMARY OF THE INVENTION 

Accordingly, it is a general object of the 
present invention to provide a scheme which can satisfy 
the need described above. 

It is another and more specific object of the 
present invention to provide a scheme which can reduce 
confluence noise. 

In order to achieve the above objects 
according to the present invention, a system for 
reducing noise in a signal line, through which upward 
signals and downward signals are transmitted between a 
center and terminals, includes a noise-reduction device 
provided between the center and the terminals. The 
noise-reduction device attenuates the upward signals by 
an increased amount when a noise increase regarding the 
upward signals is detected on the signal line. The 
system further includes a noise-control device, 
provided at terminals, which boosts a transmission 
level of the upward signals by an amount compensating 
for the attenuation of the upward signals by the noise- 
reduction device. 
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In the system described above, the upward 
signals having the boosted transmission level are 
attenuated by the noise-reduction device to return to 
their original transmission level. As the upward 
signals are attenuated, noises are attenuated along 
with the upward signals, so that a C/N ratio of the 
upward signals can avoid degradation caused by the 
noise increase. 

Other objects and further features of the 
present invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram of a confluence- 
noise-level-check unit used in a confluence-noise 
reduction device according to a first embodiment of the 
present invention; 

Fig. 2 is a block diagram of a confluence- 
noise-reduction unit used in the confluence-noise- 
reduction device according to the first embodiment of 
the present invention; 

Fig. 3 is an illustrative drawing showing an 
embodiment of a confluence-noise-reduction system 
according to the present invention; 

Fig. 4 is a block diagram of a relevant part 
of a terminal used in the confluence-noise-reduction 
system according to the present invention; 

Fig. 5 is a block diagram of a confluence- 
noise-level-check unit used in a confluence-noise 
reduction device according to a second embodiment of 
the present invention; 

Fig. 6 is a block diagram of a confluence- 
noise-level-check unit used in a confluence-noise 
reduction device according to a third embodiment of the 
present invention; 

Fig. 7 is an illustrative drawing for 
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explaining a level -check operation of the present 
invention; 

Fig. 8 is an illustrative drawing for 
explaining the level-check operation of the present 
invention; 

Fig. 9 is an illustrative drawing for 
explaining an operation of controlling upward signals 
according to the present invention; 

Fig. 10 is a block diagram of an 
upward-signal-attenuation unit used in a confluence- 
noise-reduction system according to another embodiment 
of the present invention; 

Fig. 11 is a block diagram of an 
upward-signal-amplification unit used in a confluence- 
noise-reduction system in combination with the unit of 
Fig. 10; 

Fig. 12 is an illustrative drawing of a 
confluence-noise-reduction system according to another 
embodiment of the present invention; 

Fig. 13 is a block diagram of a noise-source 
searching unit according to the present invention; and 

Fig. 14 is an illustrative drawing showing a 
related- art CATV system. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the following, embodiments of the present 
invention will be described with reference to the 
accompanying drawings. 

Fig.l is a block diagram of a confluence- 
noise-level-check unit used in a confluence-noise 
reduction device according to a first embodiment of the 
present invention . 

The confluence-noise-level-check unit of 
Fig.l includes a band-pass-filter/buffer-amplifier unit 
1, a demodulator 2, a band-pass filter 3, a high- 
frequency switch circuit 4, a level-check unit 5, an 
average-demodulation-level-storage unit 6, a noise- 
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signal. Here, the demodulator 2 may have a simpler 
configuration when the configuration based on the 
delayed signal is employed than when the configuration 
based on the reproduced carrier wave is employed. Use 
of such a simpler configuration can economize the 
system. 

The band-pass filter 3 is designed to allow 
passage of a base-band signal, i.e., passage of a 
demodulated signal output from the demodulator 2. For 
example, the band-pass filter 3 may have a pass band 
between 10 kHz and 10 MHz. In consideration of the 
fact that upward signals are transmitted as burst 
signals, the average-demodulation-level-storage unit 6 
holds an average level of the base-band signal supplied 
from the demodulator 2 where the average is obtained 
over a predetermined time period. Alternatively, the 
average-demodulation- level -storage unit 6 may hold 
therein a reference level for a comparison check. 

The level -check unit 5 compares a level of 
the base-band signal supplied from the demodulator 2 
with a level held by the average-demodulation-level- 
storage unit 6. In general, a signal level is greater 
than a noise level. When the base-band-signal level is 
close to the average level of the detected signal or 
exceeds the reference level, a received signal is 
ascertained as a valid upward signal. In this case, 
the level-check unit 5 supplies a control signal to the 
high-frequency switch circuit 4 to switch it off. 

When the base-band- signal level is lower than 
the level of the average-demodulation-level-storage 
unit 6 by a significant margin, the level-check unit 5 
ascertains that the received signal is not a valid 
upward signal. In this case, the level-check unit 5 
supplies a control signal to the high-frequency switch 
circuit 4 to switch it on. The upward signal from the 
band-pass-filter/buffer-amplifier unit 1 is thus 
supplied to the noise-detection unit 7 via the high- 



frequency switch circuit 4. 

The noise-detection unit 7 may be configured 
to detect an envelop of a noise after converting it 
into medium- frequency signal. Further, since an upward 
signal is a burst-like signal, the noise-detection unit 
7 can be configured to hold a noise level that is 
detected during a period when no valid upward signal is 
transmitted. The noise-level-check unit 8 compares a 
level of an output of the noise-detection unit 7 with 
the level or reference level held by the average- 
demodulation-level-storage unit 6. When the level of 
the output of the noise-detection unit 7 exceeds the 
level or reference level of the average-demodulation- 
level-storage unit 6, the noise-level-check unit 8 
ascertains that there is an increase in confluence 
noise, and supplies a control signal to the noise- 
reduction-control unit 9 . 

Since only noises are present during a time 
period between a burst-like signal and a next burst- 
like signal, the noise-detection unit 7 can detect a 
noise level of such noises. The detected noise level 
is compared with the signal level or a predetermined 
level. If the noise level is greater in comparison, it 
is ascertained that the level of confluence noise has 
increased. Here, the output level of the noise- 
detection unit 7 can be compared with the reference 
level. In consideration of possible changes in 
transmission conditions, however, use of the level of a 
detected signal or an average thereof may be preferred 
over use of the fixed reference level since such a 
detected signal follows the changes of the transmission 
conditions. This can improve accuracy of the noise 
detection. Further, a ratio of comparison may be set 
in the noise-level-check unit 8 in advance. 

Based on a result of the check made by the 
noise-level-check unit 8, the noise-reduction-control 
unit 9 may supply an alarm signal, or may activate a 



noise-reduction unit, which will be described later. 

In the configuration described above, the 
level-check unit 5, the average-demodulation-level- 
storage unit 6, the noise-level-check unit 8, and the 
noise-reduction-control unit 9 may be implemented by 
using digital circuits. Alternatively, functions of 
these units may be implemented via a processor 
performing equivalent functions. 

The control signal from the noise-reduction- 
control unit 9 prompts the confluence-noise-reduction 
unit to increase attenuation of a variable attenuation 
unit. The upward signals from terminal devices are 
amplified in commensurate with the amount of 
attenuation while avoiding amplification of noises. In 
this manner, a C/N reduction caused by an increase in 
confluence noise can be avoided. 

Fig. 2 is a block diagram of the confluence- 
noise-reduction unit used in the confluence-noise- 
reduction device according to the first embodiment of 
the present invention. 

The confluence-noise-reduction unit of Fig. 2 
includes a high-pass filter 11, a low-pass filter, an 
amplifier 13, an amplifier 14, a band-pass filter 15, a 
modulation unit 16, a high-pass filter 17, a variable 
attenuator 18, a low-pass filter 19, and a confluence- 
noise-level-check unit 20. The high-pass filter 11 
receives downward signals passing therethrough. The 
low-pass filter 12 receives upward signals passing 
therethrough. The high-pass filter 17 allows passage 
of the downward signals, and the low-pass filter 19 
allows passage of the upward signals. In Fig. 2, solid 
lines indicate high-frequency signals, and 
intermittently dashed lines indicate direct-current 
control signals. The configuration of Fig.l is 
combined with the configuration of Fig. 2 to make up the 
confluence-noise-reduction device . 

Downward signals from the center to the 
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terminals travel through the high-pass filter 11, the 
amplifier 13, and the high-pass filter 17 before they 
reach the terminals- As this happens, the band-pass 
filter 15 extracts a pilot signal. In response to the 
control signal supplied from the 

confluence-noise-level-check unit 20, the modulation 
unit 16 modulates a tone signal, and inserts the tone 
signal into the pilot signal before transmitting the 
pilot signal. 

Upward signals are transmitted to the center 
via the low-pass filter 19, the variable attenuator 18, 
the amplifier 14, and the low-pass filter 12. The 
variable attenuator 18 can be implemented by using a 
known structure, and is used for controlling 
attenuation of the upward signals. 

The confluence-noise-level-check unit 20 has 
the same structure as that shown in Fig.l. The control 
signal supplied from the noise-reduction-control unit 9 
as a result of the noise-level check is supplied to the 
variable attenuator 18 and the modulation unit 16. 
When there is an increase in confluence noise, the 
control signal from the confluence-noise-level-check 
unit 20 prompts the modulation unit 16 to modulate the 
tone signal and insert it into a downward signal. The 
tone signal makes amplifiers increase gains thereof 
where the amplifiers are situated at cable modems or 
the like in the terminals. As a result of the gain 
increases, transmission levels of upward signals are 
boosted. At the same time, attenuation of the variable 
attenuator 18 is controlled to attend to stronger 
attenuation of the upward signals having the boosted 
transmission levels. 

As previously described, upward signals merge 
at the splitters, and noises are summed together as 
they come from noise sources such as an open end of a 
branch transmission line. This results in a rise in a 
confluence noise level. In the present invention, 



however, -the terminals step up the transmission levels 
of upward signals when receiving the tone signal, and 
the variable attenuator 18 attenuates the upward 
signals having the stepped up transmission levels. 
This effectively reduces a relative noise level, 
thereby avoiding a C/N reduction caused by confluence 
noise . 

Fig. 3 is an illustrative drawing showing an 
embodiment of a confluence-noise-reduction system 
according to the present invention. 

The system of Fig. 3 includes a two-way 
amplification unit 21, splitter units 22, and terminals 
23. The two-way amplification unit 21 includes a two- 
way amplifier 24 and a confluence-noise-reduction 
device 25. The splitter units 22 includes confluence- 
noise-reduction devices 25 and a splitter 26. Here, 
each of the confluence-noise-reduction devices 25 
includes a confluence-noise-level-check unit 27 and a 
confluence-noise-reduction unit 28. Each of the 
terminals 23 includes a terminal-end confluence-noise- 
control device 29. Further, the system of Fig. 3 
includes a main transmission line 30 and branch 
transmission lines 31. 

The confluence-noise-reduction device 25 may 
be provided in at least one of the two-way 
amplification unit 21 and the splitter units 22, which 
are situated at predetermined intervals along the main 
transmission line 30. In Fig. 3, one confluence-noise- 
reduction device 25 is provided for each of the 
terminals 23. Instead of such a configuration, it is 
acceptable to provide one confluence-noise-reduction 
device 25 for a plurality of terminals. The 
confluence-noise-level-check unit 27 and the 
confluence-noise-reduction unit 28 of the confluence- 
noise-reduction device 25 have the configurations of 
Fig.l and Fig. 2, respectively. The terminal -end 
confluence-noise-control device 29 detects a tone 



signal inserted into downward signals, and controls a 
gain of a variable-gain amplifier. 

When an open end is created on a branch 
transmission line 31 after a terminal 23 is removed, 
the open end will act as a noise source- A confluence- 
noise-reduction device 25 that is connected to this 
branch transmission line 31 detects an increase in a 
confluence noise level by use of the confluence-noise- 
level-check unit 27. The confluence-noise-reduction 
device 25 strengthens attenuation of a variable 
attenuator included in the confluence-noise-reduction 
unit 28, and transits a tone signal to terminals 23. 

In the case of the confluence-noise-reduction 
device 25 that is provided in the two-way amplification 
unit 21 on the main transmission line 30, finding of 
the increase in confluence noise prompts the 
confluence-noise-reduction unit 28 to increase 
attenuation of a variable attenuator and insert a tone 
signal into a downward signal. The terminals 23 that 
are connected to the splitters 26 via the branch 
transmission lines 31 detect the tone signals inserted 
into the downward signals, and boost gains of variable 
amplifiers. 

In a case where the confluence-noise- 
reduction device 25 is provided in each of the two-way 
amplification unit 21 and the splitter units 22, the 
terminal -end confluence-noise-control device 29 of the 
terminals 23 detects the tone signals indicating the 
increase of confluence noise, and steps up a gain of 
the variable amplifier by 25 dB, for example, to 
amplify upward signals. The amplified upward signals 
are transmitted via the branch transmission lines 31. 
Noise from the noise source created after the removal 
of the terminal 23 is not amplified because no 
terminal-end confluence-noise-control device 29 is 
provided at this noise source. 

The variable attenuator of the confluence- 



noise-reduction unit 28 provided in the pertinent 
splitter unit 22 attenuates the upward signals by 15 
dB. Further, the variable attenuator of the 
confluence-noise-reduction unit 28 provided in the two- 
way amplification unit 21 attenuates the upward signals 
by 10 dB. As a result, the upward signals are supplied 
to the center as signals having a predetermined signal 
level. Since the confluence noise is attenuated by 25 
dB in total, a C/N reduction is avoided, thereby making 
it possible to provide a continuing service of two-way 
communication . 

In this manner, when a terminal 23 is taken 
off from a branch transmission line 31 to make an open 
end, a noise level exhibits an increase at a confluence 
point of upward signals. Such an increase is detected 
by the confluence-noise-level-check unit 27 of the 
confluence-noise-reduction device 25 provided in the 
two-way amplification unit 21, for example, resulting 
in transmission of a tone signal. When detecting the 
tone signal, the terminals 23 boost gains of the 
variable amplifiers thereof to step up a transmission 
level of upward signals. While the upward signals are 
boosted, noise generated by the open-end noise source 
is not amplified. Such noise merely merge with the 
upward signals. Then, the upward signals are 
attenuated to bring the boosted transmission level down 
to the original signal level, bringing down the noise 
level together. This is the mechanism of how a C/N 
reduction can be avoided even when the confluence noise 
is increased. 

The gain increase of the variable amplifier 
by the terminal-end confluence-noise-control device 29 
is basically selected such as to compensate for the 
increase of attenuation of the variable attenuator 18. 
It is conceivable, however, to select the gain increase 
such as to compensate for various losses such as losses 
incurred at splitters and losses of the transmission 
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lines in addition to compensating for the attenuation 
increase. In consideration of this, it is preferable 
to select a possibly different gain for different 
terminals when the tone signal is detected. 

Fig. 4 is a block diagram of a relevant part 
of a terminal used in the confluence-noise-reduction 
system according to the present invention. 

The configuration of Fig. 4 includes a 
separation filter 41, a cable modem 42, a control unit 
43, a variable amplifier 44, a band-pass filter 45, and 
a tone-detection-and-control unit 46. The control unit 
43 includes a display, a keyboard, etc. The variable 
amplifier 44, the band-pass filter 45, and the tone- 
detection-and-control unit 46 together make up the 
terminal-end confluence-noise-control device 29 of 
Fig. 3. 

The separation filter 41 connected to a 
branch transmission line separates a downward signal, 
and supplies it to the cable modem 42. Further, the 
separation filter 41 sends an upward signal to the 
branch transmission line when the upward signal 
modulated by the cable modem 42 is supplied via the 
variable amplifier 44. As previously described, when 
the confluence-noise-level-check unit 27 of the 
confluence-noise-reduction device 25 (Fig. 3) transmits 
a tone signal indicative of an increase of confluence 
noise, the band-pass filter 45 extracts this tone 
signal. The tone-detection-and-control unit 46 then 
detects the extracted tone signal, and controls the 
variable amplifier 44 to increase its gain. In this 
manner, an upward signal having a boosted transmission 
level is transmitted to the center. 

The tone signal may prompt the gain increase 
of the variable amplifier 44 during a whole period 
while the tone signal is being transmitted. 
Alternatively, the tone signal may be transmitted only 
at such a timing as a gain is to be changed. 



Alternatively, two types of tone signals may be 
transmitted in order to switch between a state of an 
increased gain and a state of a normal gain. Further, 
use of frequency information, on/off patterns, code 
information, etc., of the tone signal makes it possible 
to convey position information. Moreover, it is 
possible to include information about a signal level 
associated with a check of an increase in confluence 
noise. 

Fig. 5 is a block diagram of a confluence- 
noise-level-check unit used in a confluence-noise 
reduction device according to a second embodiment of 
the present invention. 

The confluence-noise-level-check unit of 
Fig. 5 includes a band-pass-filter/buffer-amplifier unit 
51, a demodulator 52, a band-pass filter 53, a high- 
frequency demodulator 54, a level-check unit 55, an 
average-demodulation-level-storage unit 56, a noise- 
level-calculation unit 57, a comparison-check unit 58, 
a noise-reduction-control unit 59, and a subtraction 
unit 60. In Fig. 5, solid lines indicates flow of high- 
frequency signals such as upward signals, and dashed 
lines indicate medium- frequency signals and demodulated 
output signals. Further, intermittently dashed lines 
indicate direct-current signals. 

The band-pass-filter/buffer-amplifier unit 51 
extracts part of an upward signal, and the demodulator 
52 demodulates the extracted upward signal. The band- 
pass filter 53 supplies a base-band signal to the 
level-check unit 55 and the average-demodulation-level- 
storage unit 56. In the same manner as the demodulator 
2 of Fig.l, the demodulator 52 may attend to coherent 
detection based on either a reproduced carrier wave or 
a delayed signal. 

The average-demodulation- level - storage unit 
56 may obtain an average over a predetermined time 
period of a base-band signal supplied from the band- 
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pass filter 53, and may hold the obtained average 
level . Alternatively, the average-demodulation-level- 
storage unit 56 may keep therein a fixed reference 
level to be used for comparison. The level -check unit 
55 compares the base-band-signal level supplied from 
the band-pass filter 53 with the level of the average- 
demodulation-level- storage unit 56, and ascertains that 
a signal is a valid upward signal if the compared 
levels are close to each other. 

The high-frequency demodulator 54 demodulates 
a high-frequency signal supplied from the band-pass- 
filter/buffer-amplifier unit 51. A demodulated output 
of the high-frequency demodulator 54 includes a signal 
component and a noise component, and is supplied to the 
subtraction unit 60. The subtraction unit 60 obtains a 
difference between the base-band-signal level from the 
level-check unit 55 and the level of the demodulated 
output supplied from the high-frequency demodulator 54. 
The obtained difference corresponds to a noise level. 
The noise-level-calculation unit 57 derives a noise 
level from the level difference provided from the 
subtraction unit 60. 

The comparison-check unit 58 compares the 
noise level of the noise-level-calculation unit 57 with 
the level of the average-demodulation-level-storage 
unit 56. The comparison-check unit 58 ascertains that 
there is an increase in confluence noise if the noise 
level is greater in comparison. In this case, the 
comparison-check unit 58 supplies a control signal to 
the noise-reduction-control unit 59. In response, the 
noise-reduction-control unit 59 attenuates upward 
signals by use of a variable attenuator of a 
confluence-noise-reduction unit, and attends to the 
control of a transmission level of terminals. This 
portion is basically the same as the operation of the 
first embodiment. 

Fig. 6 is a block diagram of a confluence- 
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noise-level-check unit used in a confluence-noise 
reduction device according to a third embodiment of the 
present invention. 

The confluence-noise-level-check unit of 
Fig. 6 includes a band-pass-filter/buffer-amplifier unit 
61, a demodulator 62, a band-pass filter 63, a high- 
frequency switch circuit 64, a level -check unit 65, a 
high-frequency demodulator 66, a noise-detection unit 
67, a noise-level-comparison-check unit 68, a noise- 
reduction-control unit 69, a noise-level-check unit 70, 
a subtraction unit 71, and a detection-level-storage 
unit 72. In Fig. 6, solid lines indicates flow of high- 
frequency signals such as upward signals, and dashed 
lines indicate medium- frequency signals and demodulated 
output signals. Further, intermittently dashed lines 
indicate direct-current signals. 

The band-pass-filter/buffer-amplifier unit 
61, the demodulator 62, the band-pass filter 63, the 
high-frequency switch circuit 64, the level-check unit 
65, and the noise-detection unit 67 have the same 
configurations and operations as those of corresponding 
elements shown in Fig.l. The noise-detection unit 67 
receives a high-frequency signal from the band-pass- 
f ilter/buf f er-amplif ier unit 61 via the high-frequency 
switch circuit 64 when the high-frequency switch 
circuit 64 is switched on in response to a situation 
where noises are present with no valid upward signals. 
The noise-detection unit 67 attends to high-frequency 
detection of noise components that are observed during 
a period of no signal transmission. The high-frequency 
demodulator 66 attends to high-frequency detection at 
all the time regardless of whether there are signal 
components or noise components. 

The noise-level-check unit 70 supplies an 
output of the noise-detection unit 67 to the 
subtraction unit 71, and supplies a noise-level signal 
to the noise-level-comparison-check unit 68 where the 
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noise-level signal is indicative of a checked noise 
level. The subtraction unit 71 obtains a difference 
between the output signal level of the high-frequency 
demodulator 66 and the output noise level of the noise- 
detection unit 67 supplied from the noise-level-check 
unit 70. An obtained difference corresponds to a 
received signal level less a noise level, thereby- 
representing a level of a signal component. This is 
regarded as a detected signal level, which is then held 
by the detection-level-storage unit 72. The detected 
signal level held by the detection-level-storage unit 
72 is supplied to the noise-level-comparison-check unit 
68. 

The noise-level-comparison-check unit 68 
compares the noise level of the noise- level -check unit 
70 with the detected signal level of the detection- 
level-storage unit 72. When the noise level is greater 
in comparison, the noise-level-comparison-check unit 68 
ascertains that there is an increase in confluence 
noise, and supplies a control signal to the noise- 
reduction-control unit 69. The noise-reduction-control 
unit 69 attends to the same control as in the previous 
embodiments . 

Fig. 7 is an illustrative drawing for 
explaining the level-check operation of the present 
invention. What is shown in Fig. 7 corresponds to the 
operations of the level-check units 5, 55, and 65 shown 
in Figs.l, 5, and 6, respectively. 

High- frequency-band signals Rfj through Rf N 
are transmitted as upward signals by using a frequency 
band ranging from 10 MHz to 55 MHz. In Fig. 7, the 
band-pass-filter/buffer-amplifier unit 1, 51, or 61 is 
shown as a filter 75. The filter 75 may have a 
frequency characteristic allowing passage of high- 
frequency-band signals Rf-^ through Rfjsj, or have a pass- 
band ranging from 10 MHz to 55 MHz. Alternatively, the 
filter 75 may have a high-pass-filter characteristic 



that allows passage of frequencies higher than or equal 
to Rf^, or may have a low-pass-filter characteristic 
that allows passage of frequencies lower than or equal 
to Rfjsj. Alternatively, the filter 75 may have a 
frequency characteristic that allows passage of some of 
the high-frequency-band signals Rf 1 through Rf N - Where 
only one terminal is connected to the conf luence-noise- 
reeuction device and only one frequency is used, the 
filter 75 may have a frequency characteristic that 
allows passage of that particular frequency. 

The demodulator 2, 52, or 62 is shown as a 
demodulator 76 in Fig, 7. Low- frequency-band signals f^ 
through f N are supplied from the demodulator 76 via the 
band-pass filter 3, 53, or 63. A check is made on a 
level of the low-frequency-band signals f-^ through f N . 
The low- frequency-band signals f-L through f N may have a 
frequency range between 10 kHz and 10 MHz. Depending 
on the frequency characteristic of the filter 75, only 
some of the low- frequency-band signals f-^ through f N 
may be included - 

For the sake of simplicity, in Fig. 7, the 
low- frequency-band signals f^ through f N are shown as 
having the same signal level. In reality, however, 
each signal has a different signal level generally 
because of a difference in transmission- line losses or 
the like. When amplification control is put in place 
such as to control a signal level of each frequency 
band at the same signal level, however, the low- 
frequency-band signals f^ through f N will have the same 
signal level as shown in Fig. 7. Each signal is 
transmitted as a burst signal. In the configuration of 
Fig.l or Fig. 5, therefore, the average-demodulation- 
level-storage unit 6 or 56 obtains an average over a 
predetermined time period, and holds the obtained 
average. Since upward signals are burst signals, at 
least one of the noise level or the signal level is 
stored and used in a level comparison where the noise 
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level and the signal level are detected during 
different time period. 

Fig. 8 is an illustrative drawing for 
explaining the level-check operation of the present 
invention. Fig. 8 shows an operation more complex than 
that shown in Fig. 7. The operation of Fig. 8 can 
provide more accurate level detection. 

In Fig. 8, band-pass filters 81^ through 81 N 
are provided with respect to the high-frequency-band 
signals Rf-^ through Rf N , respectively. The band-pass 
filters 81-^ through 81 N correspond to the band-pass- 
filter/buffer-amplifier unit 1, 51, or 61. Further, 
the demodulator 2, 52, or 62 corresponds to a set of 
demodulator circuits 82-^ through 82 N , which are 
provided to correspond to the high-frequency-band 
signals Rf^ through Rf N , respectively. Demodulated 
signals output from the demodulator circuits 82^ 
through 82 N ultimately become the low- frequency-band 
signals f^ through f N , respectively, which are 
subjected to a level comparison. 

Fig. 9 is an illustrative drawing for 
explaining the operation of controlling upward signals 
according to the present invention. Fig. 9 shows a 
relevant portion of the terminal-end confluence-noise- 
reduction device. 

A configuration of Fig .9 includes a high-pass 
filter 91, a low-pass filter 92, a high-pass filter 93, 
a low-pass filter 94, a variable amplifier 95, a band- 
pass filter 96, and a tone-detection unit 97. The 
high-pass filters 91 and 93 allow downward signals to 
pass therethrough, and the low-pass filters 92 and 94 
allow upward signals to pass therethrough. The band- 
pass filter 96 and the tone-detection unit 97 together 
make up a tone-signal-detection mechanism. 

A downward signal transmitted through a 
branch-transmission line passes through the high-pass 
filter 91, and the band-pass filter 96 extracts a pilot 



signal or the like that includes a tone signal. The 
tone signal is one that was modulated by the modulator 
of Fig. 2, and is detected by the tone-detection unit 
97. In response to the detection of the tone signal 
that is transmitted in response to an increase in 
confluence noise, the tone-detection unit 97 increases 
a gain of the variable amplifier 95 so as to boost a 
transmission level of upward signals. 

The upward signals from a terminal to the 
center are supplied from a cable modem to the variable 
amplifier 95 via the low-pass filter 94, and, then, are 
sent to the center via the low-pass filter 92. During 
a normal operation, the gain of the variable amplifier 
95 may be set to 1. When confluence noise is increased 
to result in the tone signal being inserted into a 
downward signal, the tone-detection unit 97 detects the 
tone signal, and boosts the gain of the variable 
amplifier 95. A C/N ratio of the upward signals are 
improved in this manner when the upward signals are 
transmitted to the center. As previously described, a 
variable attenuator of a confluence-noise-reduction 
unit attenuates the upward signals by an amount 
commensurate with the gain increase of the variable 
amplifier 95, thereby transmitting the upward signal to 
the center as signals having a predetermined signal 
level. As the upward signals are attenuated, noises 
are also attenuated, thereby avoiding a reduction of 
the C/N ratio. 

In the configuration of Fig. 9, the high-pass 
filter 91 separates downward signals, so that the high- 
pass filter 93 may be omitted from a path that supplies 
the downward signals to a cable modem. Further, Since 
the upward signals from the cable modem pass through 
the low-pass filter 94, the low-pass filter 92 may be 
omitted from a path that transmits the upward signals 
to a branch transmission line. 

Fig. 10 is a block diagram of an 
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upward- signal -attenuation unit used in a confluence- 
noise-reduction system according to another embodiment 
of the present invention. What is shown in Fig. 10 
corresponds to a confluence-noise-reduction unit. 
Fig. 11 is a block diagram of an upward-signal- 
amplification unit used in a confluence-noise-reduction 
system in combination with the unit of Fig. 10. What is 
shown in Fig. 11 corresponds to a terminal-end 
confluence-noise-control device . 

A configuration of Fig. 10 includes a high- 
pass filter 101, a low-pass filter 102, a fixed 
attenuator 103, and a low-pass filter 104. Downward 
signals pass through the high-pass filter 101, and 
upward signals pass through the low-pass filter 102, 
the fixed attenuator 103, and the low-pass filter 104. 
A configuration of Fig. 11 includes a high-pass filter 
111, a low-pass filter 112, a narrow-band amplifier 
113, and a low-pass filter 114. Downward signals pass 
through the high-pass filter 111, and upward signals 
pass through the low-pass filter 112, the narrow-band 
amplifier 113, and the low-pass filter 114. 

The fixed attenuator 103 may be provided in 
each of the two-way amplification unit 21 and the 
splitter units 22 shown in Fig. 3. The fixed attenuator 
103 provided in the two-way amplification unit 21 may 
be set to an attenuation of 10 dB, and the fixed 
attenuator 103 provided in the splitter units 22 may be 
set to an attenuation of 15 dB. The narrow-band 
amplifier 113 provided in a terminal is controlled so 
as to boost upward signals by 25 dB. As a result, the 
upward signals having a level thereof boosted by 25 dB 
are transmitted from the terminal to a branch- 
transmission line, and are attenuated by 15 dB in the 
splitter unit with an additional attenuation of 10 dB 
being introduced in the two-way amplification unit. 

In this embodiment, attenuation is fixed in 
advance by use of the fixed attenuator 103, and a gain 
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increase is introduced only within a frequency band 
selected in advance by use of the narrow-band amplifier 
113. Such a configuration is flexible in that the 
attenuation and gains are selected by taking into 
account losses at various portions of the system. 
While the upward signals are attenuated after 
amplification so as to return to an original signal 
level, noises are attenuated by 25 dB, for example, 
thereby avoiding a reduction in the C/N ratio. 

Fig. 12 is an illustrative drawing of a 
confluence-noise-reduction system according to another 
embodiment of the present invention. 

Fig. 12 shows a two-way amplification unit 
121, splitter units 122^ through 1223, terminals 123^ 
through 1233, two-way amplifiers 124j and 1242, a 
confluence-noise-reduction device 125, terminal-end 
confluence-noise-control devices 126^ and 1262, a 
confluence-noise-level-check unit 127, a confluence- 
noise-reduction unit 128, and a terminator 130. 

The system of this embodiment may be 
typically used within one building or within a complex 
of house units. The two-way amplification unit 121 is 
provided indoor, and the terminator 130 is connected to 
an open-end node of the splitter units 122-^ through 
122g. The splitter unit 122g splits signals at a power 
ratio of 1 to N. 

In this configuration, let us denote 
splitting losses at the splitter units 122-^, 1222, and 
122g as x dB, y dB, and z dB, respectively, Further, 
attenuation of the confluence-noise-reduction unit 128 
is assumed to be 15 dB. In such a case, a gain 
increase of a variable amplifier provided in the 
terminal-end confluence-noise-control device 126-^ of 
the terminal 1232 is set to (15 + x) dB. A gain 
increase of a variable amplifier provided in the 
terminal-end confluence-noise-control device 1262 of 
the terminal 123 2 is set to (15 + x + y + z) dB. 



An upward signal "transmitted from the 
terminal-end confluence-noise-control device 126^ is 
amplified by (15 + x) dB. This upward signal is 
attenuated in the splitter unit 122-^ by x dB, and is 
further attenuated in the confluence-noise-reduction 
unit 128 by 15 dB before being supplied to the center. 
An upward signal transmitted from the terminal -end 
confluence-noise-control device 1262 is amplified by 
(15 + x + y + z) dB. This upward signal is attenuated 
in the splitter units 122 3 , 122 2 , and 1222 by z dB, y 
dB, and x dB, respectively, and is further attenuated 
in the confluence-noise-reduction unit 128 by 15 dB 
before being supplied to the center. 

In this manner, these upward signals are 
supplied from the two-way amplifier 124-^ to the center 
as signals having a predetermined signal level. 
Because of the attenuation by 15 dB, noises that are 
not amplified at noise sources are attenuated by 15 dB. 
The present invention thus can avoid a reduction of the 
C/N ratio in cases such as when confluence noise is 
increased by an open end of a transmission line. 

In a configuration where the main- 
transmission line is connected to a splitter via an 
outdoor two-way amplification unit, an attenuation by 
10 dB may be provided in the confluence-noise-reduction 
device provided in the two-way amplification unit. In 
this case, a gain increase may be set to (10 + a) dB 
where a dB is a transmission loss. 

Fig. 13 is a block diagram of a noise-source 
searching unit according to the present invention. 

The noise-source searching unit of Fig. 13 
includes a high-pass filter 131, a low-pass filter 132, 
an amplifier 133, an amplifier 134, a band-pass filter 
135, a modulation unit 136, a high-pass filter 137, a 
variable attenuator 138, a low-pass filter 139, a 
confluence-noise-level-check unit 140, a band-pass 
filter 141, and a modulation unit 142. The high-pass 



filters 131 and 137 receive downward signals passing 
therethrough. The low-pass filters 132 and 139 receive 
upward signals passing therethrough. The band-pass 
filters 135 and 141 extract pilot signals. 

In this configuration, a tone signal 
indicative of an increase in confluence noise is 
transmitted via upward signals to the center by using a 
pilot signal of the upward signals in addition to the 
configuration of Fig. 2 where the tone signal is 
transmitted via downward signals to the terminals. 

When the confluence-noise- level-check unit 
140 detects an increase in confluence noise, the band- 
pass filter 135 extracts a pilot signal from a downward 
signal, and the modulation unit 136 inserts the pilot 
signal into a downward signal after modulating the 
pilot signal by the tone signal. At the same tine, the 
band-pass filter 141 extracts a pilot signal from an 
upward signal, and the modulation unit 142 inserts the 
pilot signal into an upward signal after modulating the 
pilot signal by the tone signal. 

In this manner, tone signals are sent to the 
center as well as to the terminals when there is an 
increase in confluence noise, so that search of a noise 
source becomes possible by identifying the source of 
the tone signal. Modulation frequencies and patterns 
of the tone signal can carry positional information 
about the position where the increase in confluence 
noise was found. Further, information about a noise 
level can also be included in the tone signal. 

Namely, a received tone signal is subjected 
to an identification process as part of the search of a 
cause of a confluence-noise increase, and positional 
information is extracted to identify a position from 
which the tone signal is transmitted in response to the 
increase in confluence noise. Further, information 
about the noise level is also obtained from the tone 
signal so as to help to analyze an effect of the noise 



on the system. 

As described above, the present invention 
attenuates the upward signals by an amount that 
compensates for a gain increase of the upward signals. 
Noises from noise sources are attenuated without being 
amplified, thereby resulting in the prevention of C/N 
degradation. It is conceivable to cut off the upward 
signals in response to the detection of an increase in 
confluence noise. The upward signals observed at 
splitters or two-way amplifiers, however, are a mixture 
of upward signals coming from various terminals, so 
that cutting off of such upward signals means less 
services to the terminals. The present invention can 
prevent confluence noises from degrading a C/N ratio 
without cutting off the upward signals, thereby 
providing better services in two-way CATV system. 

Further, the tone signal may be configured to 
include positional information, noise-level 
information, etc., when the tone signal is transmitted 
in response to an increase of confluence noise. In 
such a case, identifying the tone signal can help to 
search for a cause of the noise increase. This makes 
it easier to maintain and operate a two-way CATV 
system. 

Further, the present invention is not limited 
to these embodiments, but various variations and 
modifications may be made without departing from the 
scope of the present invention. 

The present application is based on Japanese 
priority application No. 11-159439 filed on June 7, 
1999, with the Japanese Patent Office, the entire 
contents of which are hereby incorporated by reference. 



